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(54) SOLID-STATE IMAGING DEVICE 

(57)Abstract: 

PURPOSE: To provide a wide dynamic range by measuring time for the potential 
of a photodiode to reach a set potential by counting up clock signals. 
CONSTITUTION: A reset switch 2 is turned ona reset signal (H) is turned to a 
signal R1 (L) by a NOT circuitand an output C2 of an AND circuit 5 is turned to L. 
Thusa photodiode 1 is groundeda potential Vph of the photodiode 1 is turned to 
'0'the condition of Vph<Vref is established concerning a reference potential 
Vrefand a comparator 3 outputs a signal Out (H) to an AND circuit 4. The signal 
Out and a clock signal 'clock' are ANDed by the AND circuit 4 and outputted. The 
circuit 5 sends the clock signal to a clock counter 6 and the counter 6 counts up 



the clock signal. On the other handthe potential of the photodiode 1 is increased 
corresponding to the intensity of incidental lightat the time of Vph^Vrefthe clock 
signal is cut offand the counter 6 holds the clock counter value. 



CLAIMS 



[Claim(s)] 

[Claim 1]A solid state image pickup device which is provided with the following 
and characterized by measuring time until potential of a photo diode reaches set- 
up potential by counting up a clock signal from a clock. 
A photo diode which changes incident light into an electrical signal at least. 
A clock. 

A clock counter which counts said clock for every pixel. 

[Claim 2]The solid state image pickup device according to claim 1 which consists 
of a receiver circuita vertical shift registera vertical switcha vertical signal wirea 
horizontal shift registerand a horizontal switchcomprising: 
A clock. 

A photo diode which changes incident light into an electrical signal. 
A reset switch which releases an electric charge accumulated in a photo diode. 
A comparator which compares potential of a photo diode with reference potential 
given from the outsideand outputs a comparison signalA counter which counts up 
a signal from the 1st AND circuit that receives a comparison signal and a clock 
signal from a comparatora reset signal of negative logic and the 2nd AND circuit 
that undergoes an output from the 1st AND circuit of the aboveand an account 
AND circuit of the front 2nd. 

[Claim 3]A solid state image pickup device measuring time until it has the 
following and potential of a photo diode reaches said reference potential by 
counting up a clock signal from a clock. 



A photo diode which changes incident light into an electrical signal at least. 

A comparator which compares potential of a photo diode with reference potential 

given from the outside. 

Two or more receiver circuits which are provided with a counter which counts a 

clock and perform a digital output. 

A memory which memorizes a value of said counter. 

[Claim 4]The solid state image pickup device according to claim 3 with which 
read-out from signal writing and a memory to a memory is characterized by a 
thing corresponding to each pixel independently performed for every receiver 
circuit. 

[Claim 5]The solid state image pickup device according to claim 3 or 4 
characterized by a thing corresponding to each pixel for which it had a clock 
counter for every receiver circuit. 

[Claim 6]A photo diode which changes incident light into an electrical signaland a 
reset switch which releases an electric charge accumulated in a photo diodeA 
comparator which compares potential of a photo diode with reference potential 
given from the outsideand outputs a comparison signalA low voltage comparator 
which compares potential and low voltage reference potential of a photo 
diodeand outputs a low voltage comparison signalA flip-flop circuitand a clock 
signal and an AND circuit which undergoes an output from said flip-flop circuitA 
counter which counts up a signal from said AND circuitand a memory cell which 
memorizes a value of said counterThe solid state image pickup device according 
to claim 5 constituting a receiver circuit from an OR circuit which receives a reset 
signal and a comparison signal from a comparatorand an OR circuit which 
receives a reset signal and a signal from said flip-flop circuit by negative logic. 
[Claim 7]A photo diode which changes incident light into an electrical signaland a 
reset switch which releases an electric charge accumulated in a photo diodeA 
comparator which compares potential of a photo diode with reference potential 
given from the outsideand outputs a comparison signalA flip-flop circuit which 



outputs the output signal L and receives a comparison signal and a reset signal 
from a comparator with a start signalAn output from a flip-flop circuitand an AND 
circuit which receives a clock signalA counter which counts up a signal from said 
AND circuitand a memory cell which memorizes a value of said counterThe solid 
state image pickup device according to claim 5 constituting a receiver circuit from 
a delay circuit which receives a comparison signal from said comparatorand a 
start signal and an OR circuit which undergoes an output from said delay circuit. 
[Claim 8]The solid state image pickup device according to claim 1 using a photo 
diode as a minute power supply. 

[Claim 9]The solid state image pickup device according to claim 8 which consists 
of a receiver circuita vertical shift registera vertical switcha vertical signal wirea 
horizontal shift registerand a horizontal switchcomprising: 
A clock. 

A photo diode which changes incident light into an electrical signal. 
A resistor. 

A capacitor which accumulates current from a photo diodeand a reset switch 
which releases an electric charge accumulated in a capacitorA comparator which 
compares potential of a photo diode with reference potential given from the 
outsideand outputs a comparison signal when potential of a photo diode is lower 
than reference potentialAn AND circuit which receives a comparison signal and a 
clock signal from a comparatora reset signal of negative logic and an AND circuit 
which undergoes an output from the above-mentioned AND circuitand a counter 
which counts up a signal from said AND circuit. 

[Claim 10]A photo diode which changes incident light into an electrical signala 
resistorand a capacitor which accumulates current from a photo diodeA reset 
switch which releases an electric charge accumulated in a capacitorand a 
comparator which compares potential of said capacitor with reference potential 
given from the outsideand outputs a comparison signalA low voltage comparator 
which compares potential and low voltage reference potential of said 



capacitorand outputs a low voltage comparison signalA flip-flop circuitand a clock 
signal and an AND circuit which undergoes an output from said flip-flop circuitA 
counter which counts up a signal from said AND circuitand a memory cell which 
memorizes a value of said counterThe solid state image pickup device according 
to claim 8 constituting a receiver circuit from an OR circuit which receives a reset 
signal and a signal from a comparatorand an OR circuit which receives a reset 
signal and a signal from said flip-flop circuit by negative logic. 
[Claim 11]A photo diode which changes incident light into an electrical signala 
resistorand a capacitor which accumulates current from a photo diodeA reset 
switch which releases an electric charge accumulated in a capacitorand a 
comparator which compares potential of said capacitor with reference potential 
given from the outsideand outputs a comparison signalA flip-flop circuit which 
outputs the output signal L and receives a comparison signal and a reset signal 
from a comparator with a start signalAn output from a flip-flop circuitand an AND 
circuit which receives a clock signalA counter which counts up a signal from said 
AND circuitand a memory cell which memorizes a value of said counterThe solid 
state image pickup device according to claim 8 constituting a receiver circuit from 
a delay circuit which receives a comparison signal from said comparatorand a 
start signal and an OR circuit which undergoes an output from said delay circuit. 
[Claim 12]A solid state image pickup device given in either of 6 and 8 from claim 
1 to which a reset signal to all the receiver circuits synchronizesand is given 
toand clock pulse interval deltaT is given with a function of t when lapsed time 
from the newest reset signal input time is set to t while the following reset signal 
was inputted to 10. 

[Claim 13]The solid state image pickup device according to claim 12 with which 
clock pulse interval deltaT is given by ct r (c and r are the constants of the real 
number)or log (t). 

[Claim 14]While a reset signal to all the receiver circuits synchronizesand is given 
and the following reset signal is inputtedA solid state image pickup device given 
in either of 6 and 8 from claim 1 whose reference potential Vref (t) is Vref(t) =V0 



(TO-t) / TO (VO is a constant) when t and the maximum light measurement time 
are set to TO for lapsed time from the newest reset signal input time to 10 and 12. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial ApplicationJThis invention relates to the solid state image pickup 
device of imaging equipmentsuch as a television camera which acquires a 
picture signal. 
[0002] 

[Description of the Prior Art]ln recent yearsa solid state image pickup device is 
becoming the mainstream of image sensorssuch as a television camerafrom 
many strong pointslike it is reliable at low power consumption and a small light 
weight. The conventional solid state image pickup device is explained below. 
[0003] Drawing 8 is a key map showing the basic constitution of the Inta transfer 
method CCD image sensor often used now. In drawing 8 1 is a photo diode32 is a 
transfer gate33 is vertical transfer CCD34 is horizontal transfer CCDand 35 is 
output amplifier. 

[0004]Operation of the Inta transfer method CCD image sensor constituted as 
mentioned above is explained. The photo diode 1 carries out photoelectric 
conversion of the light which entered through the optical systemand accumulates 
an electric charge. The transfer gate 32 sends the electric charge which opened 
the gate and was accumulated in the photo diode to vertical transfer CCD33 in 
response to a transmission gate pulse. Vertical transfer CCD33 transmits a party 
[ every ] electric charge to horizontal transfer CCD34 according to a vertical clock. 
Horizontal transfer CCD34 transmits every one electric charge transmitted from 
vertical transfer CCD33 to the output amplifier 35 according to a horizontal clock. 
The output amplifier 35 amplifies and outputs the transmitted electric charge. 



[0005] 

[Problem(s) to be Solved by the lnvention]Howeversince the electric charge 
accumulated in the photo diode 1 is performing conversion to the electrical signal 
of a lightwave signal in the above-mentioned conventional compositionWhen 
there was strong incident lightthe technical problem with which the photo diode 1 
is saturated that the dynamic range as an image sensor could not secure enough 
because of the signal deterioration at the time of transmitting an electric charge 
occurred. This invention solves the above-mentioned conventional technical 
problemand it aims at providing the solid state image pickup device which 
detects the luminous intensity which entered based on the speed in which an 
electric charge is accumulated. 
[0006] 

[Means for Solving the Problem]ln order to attain this purposea solid state image 
pickup device of this invention constitutes a light-receiving unit from a comparator 
which compares a photo diode with potential of a photo diode and reference 
potential given from the outsideand a clock counterand takes composition which 
has a clock which gives a clock pulse of high frequency outside to each pixel. 
[0007] 

[Function]By this compositionthe clock counter can take out the intensity of 
incident light by measuring time until the potential of a photo diode turns into 
reference potential. Thereforealso to the incident light that a photo diode is 
saturatedsince time until a photo diode serves as reference potential is limitedit 
can measure incident light intensityand as compared with the conventional solid 
state image pickup devicethe large solid state image pickup device of a dynamic 
range can be realized. 
[0008] 

[ExampleJThe first example of this invention is described belowreferring to 
drawings. 

[0009]ln drawing 1 10 is a receiver circuitl 1 is a vertical shift register12 is a 
vertical switch 13 is a vertical signal wire14 is a horizontal shift registerand 15 is a 



horizontal switch. Drawing 2 (a) is a drawing in which the detailed composition of 
the receiver circuit 10 is shown. It is a photo diode with which 1 changes incident 
light into an electrical signal in drawing 2 (a)2 is a reset switch which releases the 
electric charge accumulated in the photo diode3 is a comparator which compares 
the potential of a photo diode with the reference potential given from the 
outsideand outputs the comparison signal H when the potential of a photo diode 
is lower than reference potential and 5 are AND circuitsand 6 is a clock counter. 
[0010]The operation is explained about the solid state image pickup device 
constituted as mentioned above. Firstit explainsreferring to for operation of the 
receiver circuit 10 the timing chart shown in drawing 2 (b). The contents of the 
clock counter are set to Othe reset switch 2 is set to ONa reset signal (H) turns 
into the signal R1 (L) by a NOT circuitand is inputted [ a reset signal (H) is 
inputted] into AND circuit 5and the output C2 of AND circuit 5 is set to L. By 
thisthe photo diode 1 is grounded and the electric charge is released. In 
connection with thisthe potential Vph of the photo diode 1 is set to zeroand 
serves as Vph < Vref to the reference potential Vref given from the outside. The 
comparator 3 outputs the comparison signal Out (H) to AND circuit 4. AND circuit 
4 takes and outputs AND of the comparison signal Out (H) and clock signal clock. 
In drawing 2 (b)a clock pulse is for regular intervals. Nexta reset signal is set to 
Lthe reset switch 2 serves as OFFand the signal R1 is set to H. AND circuit 5 
comes to send a clock signal to the clock counter 6and the clock counter 6 
counts up the clock signal from a clock. The potential Vph begins to go up the 
photo diode 1 which released the electric charge and was undone from the 
ground state on the other hand at the speed according to incident light intensity 
according to a photoelectric effect. On the other handifas for the clock counter 
6the comparator 3 compares the potential Vph of the photo diode 1 with the 
reference potential Vref given from the outside and it is set to Vph >= Vrefthe 
comparison signal Out will be set to L. In response to the comparison signal Out 
(L)AND circuit 4 intercepts the clock signal to the clock counter 6. In this waythe 
clock counter 6 holds time until the potential Vph of the photo diode 1 turns into 



the reference potential Vref from 0 as a clock counter value. 
[001 1]ln this waythe clock counter value currently held in each receiver circuit 10 
is read as follows. Firstgate ON voltage is outputted and the vertical switch which 
is one line is set to ON from the vertical shift register 1 1 . Nextthe gate ON 
voltage of a horizontal switch is outputted from the horizontal shift register 14the 
vertical signal wire whose number is one is connected with an output signal 
lineand the clock counter value of the one receiver circuit 10 is read. The picture 
signal which suited the TV camera standard is read by controlling the vertical 
shift register 1 1 and the horizontal register 14 by the order which becomes 
settled by the standard of a TV camera about this read-out operation and which 
was defined appropriately. What is necessary is to have omitted entry of a up to 
[ a drawing ]since the drawing became complicated about the reset signal of the 
receiver circuit 10but to perform wiring for reset which takes the same 
composition as the circuit for read-outand just to send a reset signal to each 
receiver circuit 10 by same operation. 

[0012]Although the exposure time of each receiver circuit 10 becomes shorta 
reset signal is easy to take the simple composition simultaneously sent to all the 
receiver circuits 10. It becomes unnecessary in this caseto take a clock pulse at 
equal intervals. If it is made to make time t=n 2 generate the n-th clock pulseusing 
thisin the above-mentioned exampleluminosity is proportional to the reciprocal of 
a clock counter valuebut. It is the relation between the luminosity Y and the clock 
counter value CNT Y=Y0-a-CNT (the maximum luminance and a which Y0 can 
measure are constants) 

It can do. In order to change the interval of a clock pulseFor examplewhat is 
necessary is providing a clock conversion circuitchanging into t 2 1= 12 and 3and 
the clock sent for every unit time like - by a clock conversion circuitand making it 
just make a receiver circuit generate a clock signal at the time t= 14 and 9and -. 
thusthe interval of a clock pulse - tt 2 and log (t) - or[0013] 
[External Character 1] 



[0014]By taking to ****the relation between a counter value and luminosity can be 
freely set to a logarithmic relation etc. if needed. By changing a clock pulse 
interval as mentioned abovewhen time until luminosity reaches reference 
potential low is longa counter value does not increase too much. 
[0015]Although it was considered as reference potential Vref regularity in the 
above-mentioned examplereference potential can also be dwindled from t= 0 
before t=T with Vref(t) =V0 (TO-t) / TO (VO is a constant and TO is the maximum 
light measurement time) at the time of the next reset signal input at the time of a 
reset signal input. Therebywith the time interval of a reset signalalso when not 
amounting to VO equivalent to the fixed reference potentiallight measurement 
becomes possibleand reference potential [ in / in the potential Vph of a photo 
diode / 1= 0 ] and this can improve the image pick-up characteristic to a low- 
intensity photographic subject. In additionthe reference potential Vref may be 
independently set up for every receiver circuit, if the signal deterioration at the 
time of signal transmission is permitteda clock counter will be transposed to an 
analog integration circuit - things can be carried out. 

[0016]The solid state image pickup device by this example takes out the strength 
of incident light by the charge storage time in a photo diode. 
Since the intensity of incident light can be measured by taking out the transient 
state even if it is when so strong that incident light saturates a photo diodea large 
dynamic range can be obtained as compared with the conventional solid state 
image pickup device. 

Since the intensity of incident light is obtained with a digital variable by a clock 
counterdegradation of the signal accompanying transmission of a pixel signal is 
avoidable. 

[0017]ln this examplealthough the case where the photo diode 1 was made into 
the source of minute voltage was explainedthe photo diode 1 may be constituted 
as a source of micro current shown in drawing 3 . What is necessary is just to use 
the circuit shown in drawing 3 instead of the photo diode 1 in that case. Since it is 



the same also in the following examplesthis is not repeated. 
[0018](Example 2) The 2nd example of this invention is described 
hereafterreferring to drawings. 

[0019] Drawing 4 (a) is a drawing in which the detailed composition of the receiver 
circuit 10 in the 2nd example is shown. It is a photo diode with which 1 changes 
incident light into an electrical signal in drawing 4 (a)2 is a reset switch which 
releases the electric charge accumulated in the photo diode3 is a comparator 
which compares the potential of a photo diode with the reference potential given 
from the outsideand outputs a comparison signal when the potential of a photo 
diode is lower than reference potential is an AND circuit6 is a clock counter7 is 
a memory cell21 is a low voltage comparator which compares the potential and 
minimum potential of the photo diode 122 is an RS type flip-flop circuit23 and 26 
are OR circuitsand 24 and 25 are resistors -- it is. 

[0020]lt explains referring to the timing chart which showed drawing 4 (b) the 
operation for the receiver circuit of the solid state image pickup device 
constituted as mentioned above. The resistors 24 and 25 are set up become the 
suitable potential Vlow to give the reference potential Vref given from the outside 
to the low voltage comparator 21. 

[0021]lf a reset signal (H) is inputted from the exteriorthe output of the RS type 
flip-flop circuit 22 is set as Hand the output of OR circuit 26 will be set to Hand 
will set the contents of the clock counter 6 to 0. OR circuit 23 is the signal R2. (H) 
is outputtedthe reset switch 2 is made into an ON stateand the output C2 of AND 
circuit 5 connected by negative logic is maintained at L. When the reset switch 2 
will be in an ON statethe photo diode 1 is grounded and releases the electric 
charge. The potential Vph of the photo diode 1 is set to zero in connection with 
this. In the state where it is set to Vph < Vlow < Vref from the exterior to the 
reference potential Vref giventhe comparator 3 outputs the comparison signal CH 
(L). The low voltage comparator 21 outputs low voltage comparison signal CL (H). 
[0022]lf the reset signal from the outside is set to Lit will be set to Lthe reset 
switch 2 will be in an OFF stateand reset of the clock counter 6 will also end the 



output signal R2 from OR circuit 23. The potential Vph begins to go up the photo 
diode 1 undone from the ground state at the speed according to incident light 
intensity according to a photoelectric effect. Since negative logic connection of 
the output from OR circuit 23 is made at AND circuit 5a clock signal is sent to the 
clock counter 6. The clock counter 6 counts up a clock signal. 
[0023]lf the comparator 3 compares the potential Vph of the photo diode 1 with 
the reference potential Vref given from the outside and serves as Vph >= Vrefit 
will output the comparison signal CH (H). The memory cell 7 receives the 
comparison signal CH from the comparator 3 (H)and reads the value of the clock 
counter 6. Similarlythe output Out of the RS type flip flop circuit 22 is set to L 
from H. The output signal R2 of OR circuit 23 is set to H from LAND circuit 5 will 
be closedthe reset switch 2 will be in an ON stateand discharge of the photo 
diode 1 starts. If the potential Vph of the photo diode 1 serves as Vph <= 
Vlowlow voltage comparison signal CL (H) will be outputted. Low voltage 
comparison signal CL (H) passes along OR circuit 26and resets the clock 
counter 6. In response to low voltage comparison signal CL (H)the output Out of 
the RS type flip flop circuit 22 is set to H from L. 

[0024]Hereafterthe same operation is repeated. In this waythe memory cell 7 
holds time until the potential Vph of the photo diode 1 turns into the reference 
potential Vref from Vlow as a clock counter value. The clock counter value 
currently held at the memory cell 7 of each receiver circuit 10 can be read with 
the technique used by DRAM. 

[0025]ln a desirable examplewhen the value to hold turns into the maximuma 
clock signal carries out a count-up stopand a counter is constituted so that the 
maximum may be held. 

[0026] Drawing 5 (a) is a key map for explaining the composition and operation of 
this example. The light sensing portion 17 of drawing 5 (a) is an aggregate of the 
thing except the memory cell 7 of each receiver circuit 10. 
The memory 16 is an aggregate of the memory cell 7 of each receiver circuit 10. 
Each receiver circuit (a figure three) performs transmission to the memory cell 7 



to timing differentrespectivelyand each receiver circuit in the light sensing portion 
17 rewrites the data (clock counter value) of the memory cell 7as it accesses 
independently of each corresponding memory cell 7 in the memory 16 and was 
shown in drawing 5 (b). A picture signal is read from the memory 16 based on a 
standard. What is necessary is just to perform this read-out like said Example 1 . 
therebythe solid state image pickup device by this example can be performed 
independently of the time of data read-out of measurement of the intensity of the 
incident light in each receiver circuit 10 by forming the memory cell 7 other than 
the effect described in Example 1 . For this reasonas compared with the solid 
state image pickup device of Example 1also when incident light is weaka 
dynamic range possible [ the image pick-up which is not caught by restriction of 
the exposure time of the conventional solid state image pickup device of about 1 
demanded from the standard of TV / 30 seconds ]simultaneously larger can be 
secured. 

[0027](Example 3) The 3rd example of this invention is described belowreferring 
to drawings. 

[00281 Drawing 6 (a) is a drawing in which the detailed composition of the receiver 
circuit 10 in the 3rd example is shown. It is a photo diode with which 1 changes 
incident light into an electrical signal in drawing 6 (a)2 is a reset switch which 
releases the electric charge accumulated in the photo diode3 is a comparator 
which compares the potential of a photo diode with the reference potential given 
from the outsideand outputs the comparison signal Out (H) when the potential of 
a photo diode is lower than reference potential is an AND circuit6 is a clock 
counter7 is a memory cell27 is an RS type flip flop circuit28 is a delay circuitand 
29 is an OR circuit. 

[0029]lt explains referring to the timing chart which showed drawing 6 (b) the 
operation for the receiver circuit of the solid state image pickup device 
constituted as mentioned above. In this exampleit reads like Example 1 and a 
reset signal is inputted for every cycle. Firstif start signal start (H) is inputted from 
the exteriorthe output signal Out of the RS type flip flop circuit 27 will be set to 



Land the counter 6 will be reset. AND circuit 4 which received the output signal 
Out (L) closes a gate. The reset switch 2 by which negative logic connection was 
made will be in an ON state in response to the output signal Out (L). On the other 
handAND circuit 4 which received the output signal Out (L) closes a gate. 
Nextreset-signal reset (H) is inputted. When the reset switch 2 will be in an ON 
statethe photo diode 1 is grounded and releases the electric charge. The 
potential Vph of the photo diode 1 is set to zero in connection with this. In the 
state where it is set to Vph < Vref from the exterior to the reference potential Vref 
giventhe comparator 3 outputs the comparison signal CH (L). 
[0030]lf reset-signal reset from the outside is set to Lthe potential Vph will begin 
to go up the photo diode 1 undone from the ground state at the speed according 
to incident light intensity according to a photoelectric effect. The output signal Out 
of the RS type flip flop circuit 27 is set to H from Lthe gate of AND circuit 4 can 
open itand a clock signal is sent to the clock counter 6. The clock counter 6 
counts up a clock signal. 

[0031]Firstthe case where the time when the potential of a photo diode is set to 
Vref is shorter than a read-out cycle is explained. If the comparator 3 compares 
the potential Vph of the photo diode 1 with the reference potential Vref given from 
the outside and serves as Vph >= Vrefit will output the comparison signal CH (H). 
It is set to L from Hthe gate of AND circuit 4 is closedand the output signal Out of 
the flip-flop circuit 27 has a clock signal intercepted in response to the 
comparison signal CH (H). The memory cell 7 reads a counter value from the 
clock counter 6. The output signal Out passing through the delay circuit 28 (L) 
passes along OR circuit 29 by which negative logic connection was madeand 
resets the clock counter 6 which transmitted the clock counter value to the 
memory cell. In this waythe memory cell 7 holds time until the potential Vph of 
the photo diode 1 turns into the reference potential Vref from 0 as a clock counter 
value. 

[0032]lf reset-signal reset (H) is inputtedthe output signal Out of the RS type flip 
flop circuit 27 will be set to H from Land will start measurement of incident light 



intensity again. 

[0033]Nextthe case where the time when the potential of a photo diode is set to 
Vref is longer than a read-out cycle is explained. Even if the potential Vph of the 
photo diode 1 is compared with the reference potential Vref given from the 
outside while the output signal of the comparator 3 is maintaining CH (L)and a 
reset signal is inputted while being Vph < VrefThe output signal Out of an RS 
type flip flop circuit does not change from L. In this waya reset signal is 
disregarded. 

[0034]The receiver circuit 10 continues measurement of incident light intensity 
until it compares the potential Vph of the photo diode 1 with the reference 
potential Vref given from the outsideand is set to Vph >= Vref and the output 
signal of the comparator 3 serves as CH (H). The following carries out the same 
operation as a top. The clock counter value currently held at the memory cell 7 of 
each receiver circuit 10 can be read with the technique used by DRAM. 
[0035]By forming the memory cell 7 and the RS type flip flop circuit 27 which 
receives a reset signal according to this exampleAs shown in drawing 7 in the 
case of a TV camerasampling timing of the receiver circuit 10 where the intensity 
of incident light is strong is performed simultaneously every [ 1/] 30 secondsThe 
sampling timing of the receiver circuit where intensity is weak can obtain the 
large solid state image pickup device of the dynamic range sampled whenever a 
required signal is acquired. 
[0036] 

[Effect of the lnvention]The photo diode which changes incident light into an 
electrical signal by this invention as mentioned aboveA light-receiving unit is 
constituted from a comparator which compares the potential of a photo diode 
with the reference potential given from the outsideand a clock counterthe clock 
which gives the clock pulse of high frequency outside to each pixel is formedand 
the strength of incident light is taken out by the charge storage time in a photo 
diode. 

Thereforesince the intensity of incident light can be measured even if it is when 



so strong that incident light saturates a photo diodea large dynamic range can be 
obtained as compared with the conventional solid state image pickup device. 
Since the intensity of incident light is obtained with a digital variable by a clock 
counterdegradation of the signal accompanying transmission of a pixel signal is 
avoidable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he key map showing the composition of the solid state image pickup 
device in the 1st example of this invention 

[Drawing 2] (a) The circuit diagram showing the detailed composition of the 
receiver circuit of the solid state image pickup device in the example 
(b) The timing chart for explaining operation of the receiver circuit of the solid 
state image pickup device in the example 

[Drawing 3] The circuit diagram of the photo diode circumference at the time of 
changing the photo diode of this invention into the source of micro current from 
the source of minute voltage 

[Drawing 4] (a) The circuit diagram showing the composition of the receiver circuit 
in the 2nd example of this invention 

(b) The timing chart for explaining operation of the receiver circuit of the solid 
state image pickup device in the example 

[Drawing 5]T he key map showing the situation of the operation in the example 
[Drawing 6] (a) The circuit diagram showing the composition of the receiver circuit 
in the 3rd example of this invention 

(b) The timing chart for explaining operation of the receiver circuit of the solid 
state image pickup device in the example 

[Drawing 7] The key map showing the situation of the operation in the example 
[Drawing 8] The key map showing the composition of the conventional solid state 



image pickup device 
[Description of Notations] 

1 Photo diode 

2 Reset switch 

3 Comparator 

4 AND circuit 

5 AND circuit 

6 Clock counter 

7 Memory cell 

8 Resistor 

9 Capacitor 

10 Receiver circuit 

11 Vertical shift register 

12 Vertical switch 

13 Vertical signal wire 

14 Horizontal shift register 

15 Horizontal switch 

16 Memory 

17 Light sensing portion 

21 Low voltage comparator 

22 RS type flip flop circuit 

23 OR circuit 

24 Resistor 

25 Resistor 

27 RS type flip flop circuit 

28 Delay circuit 

29 OR circuit 

32 Transfer gate 

33 Vertical transfer CCD 

34 Horizontal transfer CCD 



35 Output amplifier 



MB*mwm (jp) da & ffl %f & Wi < A > (idwhhwmmw 

#IH¥7- 67042 

(43)&KB ¥fi&7¥(1995)3m0B 



(5i)inta' moe* jrrt&w* pi sw^ffim 

H0 4N 5/335 P 



»#S©»14 OL 



(21)HJiBM* 


4MPF6- 131945 


C7DHMA 


000005821 








&T««amA£tl: 


(22)fflHB 


¥JS6*P(1994) 6H14B 










(72)36W# 


&i m 


(31)«ifcfS£3i#4§ 


#H¥5- 143507 




moi\m\mti9msM=m 3 tbios i 


(32)«ftB 


¥5 (1993) 6 E 15 B 






(33)ff£tt££B 


B* (JP) 


C7Z)9Hi* 










munnuiimrMKiKHiB 3 tbio# i 














(74)ftS!A 





(54) \§m<n%m ®msm=? 



(57) [Stt] 

h Lft3W«a««»-r * wifcWtt**oiiKHMai6 

M3Wc»LTti» #!S«ffifc3tT**?fl!»HI*irPB-r 
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mxm 1 1 < Attftswiflwn*** 

[If $82] ?D7'?t > AM3£*«««*fcS** 
Ft. Klc»a*hfcTO*JiRtt 

64* Stl*#S!Smtfc£]±38 LT Jt8Hi*f£tiJ73ir*jt 

Hia)AND|slS&<!:. ftlSSODU-by hfit^i±E»1 
(DA N Dlsl8&fr60)iti7]£gtti>m2<DA N D!s]S&<!:. 
BUS 2 (DIB A N D HSgfr 6 » * > h 7 y 7T 5 

■BX'Ty^i:, BSfi^tx *¥->7 h 
*¥;Wy*<h#6£51f#«lIBe<D@fc}§® 

ft?, 

Sft^-r*- F<h, ft?f*- Wgiii±n®frZ$Z 
a y ? 5 p y 7im*t> QyhTvZtt 

a c t ic j: y itarr * c r s Wfmm&fr. 

£ i: £<8fa<!: T Slf SKI 3 KttOSttllfilS?. 
[»*Jg5] SIifiiKttJ£r*gftE8c<!:U:7Py 
? * >2 £ H Z 1 *«*8 3 £fctt 4 

**ffl73-r *fi«flUk«B t» 7 'J y 77 □ y 

<h, ?Py 85137 'J y 77 Py 7l°]S&fr5<Diii 

73£gtt*AND|slS8i\ 8513 A N D0$M) x 6<Dffir^£ 

(l^SttSORESgtv y-fey Mt*<fcf5E7y v7 
7P7 7i2]g§fr5<afi*£glSgT§tt*0 Rg]B&& 
6 SftHK^^ifiK LtcHt %&Wl 1 1 *ff *H 5 IBS© 



*t y -t ■> h«**aw-*7 y y 77 □ y ?®&t* 7 

y y 77 P y TEIKj^S ©ffl* t 7 P y ^fll**S»*S 
ANDHBi:. MEANDHBfretfMI^fl^Vf-T' 

y7T*a*v*t» t9Ea$:/*©«*EiM-**t 

U-tiUfc, 85iBtt»g#S<OJt»ffi^£gtt*j!®iaK 
X*- h«*<h89EjlSlHl^6©ai7J*SW*0 

JH5EK<Z>BftiMft?. 

*4T-r*- Ft. Sffittt. 3fc*-f *- KttS©W»* 

JMMoy-bv h«*i±EAND@B*»6oa 
73^§tt5AND@K<h, UiaAND|gB^6<0flr^« 
*'»h7'y7'r^*7>'5'<t:6^e& ; 5§7 l 6Is]S8 < !:. m 
B->7t>U-77x^<tx BBX-fy^t. SBffl^JSt, 

SIBKOHftJlii*?. 

■fcyh>Wy*£, fijiBP>r>-y©^tt<!:^aJ6^54 

ntiimmtttotitz&WGiittmt. 7 y 77 p 

yTlHlKt. 7P-y^ffl^«tB5IB7y i y77P->7Si8 
6^6©aS7D*SW*ANDl5lgSi:, iufBANDI=]»fr5 
©«^£2j7>h7''y7-f32J7>*(!:. m&ti7y? 

6©fll«»B»*ORH*t, y-fey h«*t«E7U 
y 77 P y 70tt*6Ofll**ft WITfiW* O R 08 

t<rs««ig«««i«Lfccfc*w«ir*wwi8B 

-try ISEPVxVy-oaffltyl-SPft^^ 

6©Jtem^<!: 'J -tr y h«**SW* 7 y y 77 P y 7 
08t, 7yy77ay7@86^6©ai73t7Py7fl 
<*»ai**ANDBB^ 1WBAND0tt3^6Ofll#* 
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mzw)*i\>t. BBiM»*s©ifc«ffl»*»w- 

O R IlliES.!: ft 6 S3tt@»«flU£ L/c £ £ 

[» aai 1 2 ] £T<D§ft(us8'\ro 'j -t y Y-m^&m 

»LT5*Stu *©y-t* h«*tfA7J*ft*B7» 
«©y -fey Hi*A*iB*PS©«aBB* t <!: Lfc.!: 
*Py*vtyU;UIMI!6"n4t©BS?5a.S*l3B 

[R&S1 3] 9Py*/tjl/XBB6Ttfc t 
r (c» r fiJttkOSK) $fcttlog(t)T-4*6ft*» 

[n«a 1 4 ] ^©gftias&'v© u * y hffi^fi«iwi 

JiHLT4x6*i> &©y-fey hfl»#Aa*n*B?» 
*B©y*y Hfl#A73BfrS©«aBB*t» B*B 
HBBfcTOtLfcd:** 4WH«ttVref (t) t\ Vr 
ef (t) =V0 (TO-t) /TO (VOliCft) T'£ 
Jb x S6, 8fr610> 1 2©lvfntH=E« 

©BttBfltX?. 

[bb©ihii&kb] 

[000 1] 

[&m±ommftm *&bu* i«B««wfni 

[0002] 

[fi£*©805] ifi*» @«t«*f ttft-a»«a» *J«! 

WWIHtttf K^a < ©fiF/Tfr 6 x U fcT* * 5 
[0 0 0 3] B8tt«aJ:<(EtotiT^*-f>*h7> 

Z7 7is j£c c Dwa&&o*tt&*mtm*m*3b 
sy-KW&y, 3 3i*&aiE&ccD-?}5y % 341* 

[0 0 0 4] l)(±OJ:3(C^fiEi'*lfc-f>-?h7>^7 
7*SCC C D«MWOBftlCO^T» KBT*. ft? 

VMzwmtZo eay- h 3 2tiisay- h/t;u*« 

SWT* *-h*Btt3fc***-ncBBLfcB.W*B 

Bsac c d 3 3 Ka*o saisac c d 3 3 ubb* 

P y *fc LfctfoT* — fTrJ"3«B**¥IBa6C C D 3 

4icBar*. *¥«accD3 4«, aaeaccD 
3 3«kuea*nfc«»**¥^py^n:«eoTa*7 

V73 5lC-0"50(Ea«. a37D7'V7 p 3 5l*ea* 
*lfc«»*B«LTtiJ*lT*. 
[000 5] 

JRoaWTI*. JW*©B«fl»^©fflfc*3fe*-r*- 

tx*ofc«^tc^?-f *- k 1 tfgawir*, mf5*ea 



* uv^t^MMWSTSa^t^^Witffeofc. *B 
Wtt±K©f!£*©WB*B*T 3 *>©T\ VffitWR^ 
ft*aBl=»^TAJ*Lfc3fc©»«*l*H"r*Wtti 

[0006] 

lc*BB©HtHHHR?l4» 3fc*f *- P£» ft** * 

Jt&SSts *Py***>*£fr5gftJ|ita£li§fi£U 
h.swc*h*icks*©* P y */</UX*4*»* P y 
****-**/«*£*. 

[0007] 

WHS] C©«fiKtcJ:-3T, *ny*a*v*tt#*V 

ft***- K£i ( #B*tt&ttSS?©3flB*R?*5« 
BBJK^titlSLT** -7-5 y *U>5?©j£^@<*»« 
[0008] 

[Bffitt] WT*BB©»-©SaM«E-3^T» EES- 
•BLfctfSIWIW*. 

[0 0 0 9] El 1 (c£(^T % 1 0«S83l6BBT*U» 1 
1 liMS/? hU5?^*T*y» 1 2ttSBX-f y*T 

s y , 13 usBflrearcs «. m ? k u 

X*T*y» 1 5(**¥X-Ty^T**. 02 (a) 
W\ SftlUKl 0©BL^«WE*srHBT6*. 02 
(a) Kfc^Ts 1 ttAJHJttSBUB^tc****^ 

kt* y v 2 ttft^-r *- KizBretifemcfv 

ttT^y-fey KX^y^T'Sy. 3l*«4f-f*-K©« 

ffl»ffl3S*BBfflJ;y«t^*ltlMI*H*ilJ73r*ik 
RBTfty. 4, 5»ANDBBTSy. 6tt*ay* 

[0 0 10] W±©«C3[=«W8**ifcH««Wl5?Ko 
t^T, t©Bff*BtWr*. S316BB1 0©Si^ 
lCOl>T, E2 (b) lC^Lf=*-r5V*?+-h«-# 
BL*tf6KWr*. U -fey HI* (H) #A7J**U 
*Py***>*OP'g§5-0lc-fey hL. y-feyhX-f 
y72#0N(Cft>J, 'JtyhW (H) ttNOTElK 
lC*oT«*R1 (D tc^7TANDIslB5lCA73* 
tl, AND@S85©tiJ7DC2ttL<!:5:«o dtXlCfc^T 

it.*L^-r*-Ki©«ffivphi*ot*y» ^Bfr 

64xetl*#5Hm{fi V ref (C*t LT 
Vph < Vref 

taSo lt&S§3ttl±$5Hi*Oi] t (H) ^ANDIslIK 
4tcaj7D-T5o AND(2l^4ttJt^i*Ou t (H) t 



(4) 
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^P-y^fl^c I o c k<DAND£<!:oTtii7J-f 3o 0 
2 (b) T*li?ny?/WX£«FaHtC£-3"2V*. # 
icy-fe-y MMtfUCfty, 'J-fe'y h^f'V^tfOF 
FtftU, fl^tR 1 ttHiftS,, AND@S85«:<7P'y 

o tt^y^ 6 te? □ «> t&e><D? a -y ?m^*t) 0 y h 

9>*6ttttft»3l& K1®WftVphtW 
8BfrS£;l5*i5#»a«teV rcf itttKU 
Vph ^ Vref 

ift^i, Jt8Hl**Ou tttLtU Jt&fl^Out 
(L) ANDIslK4«. •i7P<>-?*^>'Si6 

'N©? □ -y ^fi^^ieifrT^o C3LT^P7^*'» 

^ 6ii, %¥<<■*- k i ©misvph^oft^^nav 

ref K&SST'fDBSH^P y ^^'^V'S'fil.h LT«Jf 

[00 11] £5LT£Sftls]SSl Otcffi&SfUV* 

Sit->7hU^X^1 1^6, y-KONlE* 5 
Sti7J**U — T^VtfOSt^'f'-y^tfONfcft*. & 
*¥->7 h WJT.Z 1 46^e7k¥X'T'y^(D^- h 

. ofttflk -SftlHSgl 0<D-7P , y7*'7y$fiitfg^ 

* Sjg«JlC^465tl/j:li)?TSil->7 h Ui>7.S 1 1 * 
*¥l/v**1 4^WT5s:i:ltJ:y. TV^7il 

«(c$-o/cii#fi^gi*a3^ni., g^assi o©'j 

*>y hffi*CO^TttHS*^SftlCft5<DT0E± / N<O 

*y**h«<oiai*fTi\ maiwBimc^y, 

ElSgi Olcy-fe-y hflre££<tUdf£<.\> 

[0 0 12] ftfc\ &gftl°]S&1 OrogftB^ttSKft 
'J-fe-y HI^a^TOSftlslSSl 0 tc|^|B^tcSI« 

py?/\VUZ£3PFiailK£5#gttft<ft3o cn*W 
fflLTx 0J*tf n|slgc&?P'y<7/\ 0 ;l/X*Bf8iJt =r>2 

KfSfcr&S J: 5 K iTfttf , ±E*ttflT»ttll*tf * P 

Y = Y0-a-CNT (Y 0 littiHpTtt&S*H& a 

-7P-y^/\°;bX(DF^PS5-^bTr-y-Sfc46lc 

tt. #J;U;??P-y'7S&[H]S8£iafch t-1. 2, 3. 
••■<7)J:-plc*{S^«lc3ienT<«-5'P'>'?^ ?P 

V <7%&\B\mz£ y t 2££& U gftHSSKl* t = 

1, 4, 9, ■■■t^o%mfc<7a>v<7<w%Zft£.-$#Z> 
$. o izttM <fc i\ <fc 5 lc-7 p <y ?/\°;U7.4)[iaPi£ 
t. t2. log(t), Sfctt 



[00 13] 
Wl] 

t ? + J <TttT»iE<0»») 

[0014] siictscttcfcy. a-y-y^fSiSS 

J-X±0)<J:5lcLT, ^P-y-^n'Jl/^llfcSltS-e 

5 c t k j: y » nac#fi< *m«fij=ar**7©wiB 

WMtfcW:* -7 > ^fil^Jilra LiB^* d £: ftl\ 

[0 0 1 5] $fc> ±iaHSSfi"JtCji^Ttt#SBtfiVre 
f-£<h Ltch\ #&8«t&£ iJ -t -y H1^A7]B$ t = 0 

'J "b * hf§^A7Df§ t = T * ?©H]lE 
Vref (t) =V0 (TO-t) /TO 

<ft- FODlffiVphtf t = 0 IZ jSlfZ&mmGL. Ctltt 

si^? tift#^®tetcta^-r 5 v o tea Lfti^Kt, 

Wfl^k^g-rtHf, •^P-y^A'jV'S'ti^^P^ 

[0016] xmmmiz&zmftimmTit. x%%<» 

&Z*%V'(*-V\zl=\i%'SffimW%?&zZi?TW) 

ifai^T-s^Tt, ^-ojiigw^ixyai-rciiic 

5C:i6^T$5o AWTtOWi^P-y^AO 
^ ic J: o T x v 1 ^ 5 *x^5 ©T\ WRfll^)IES 

t *> ft ^ m^<D'£itZmiZ Z. £ 5o 
[0 0 1 7] ftfc\ **StieiJ(cfcl>Tli, 3^^*— K 

*- K 1 «H 3 LtcW^mmt LT«fi2 LTt>^ 
$t>ftO\ ^OKStts ^'T*-K1<D§t)yiC03lC 

^Tt»Piai?ft*<oTiayjgxrftt\ 

[0 0 18] (HS60J2) WT. *!*WCDm2 0liWJ 

[0019] 04 (a) m2<Dnmiizisitz%x. 

@»1 0Oi¥Ll^fi2^Txri21ffiT : «i.o 04 (a) K 
fct^T. 1 »iAI*7t^Safi^(c^^?.^5f-<^— FT 

% y . 2 ti^^-r kjci»* tifcTO*»aw 5 y 

y, 5liAND|H]KT^y, eti^P-y^A^V^T* 
tK 7li^ ; Ey-b;l/T'«y, 2 1 tt^^*- K 1 01 
ffiiTHltt^Jt^-T •SffittffiJtKST'S y , 2 2 tt R 
SM©7y-y77Py^l£]KT^y, 2 3, 2 6IJOR 



(5) 



&M¥7-6 7 0 42 



EWTPSy* 2 4. 2 5tt«fctn;S§T353$£„ 
[0 0 2 0] ^©^^iC^fiE^nfcll^Ji^^Og 
ftBSSK^T, *©iSft£04 (b) K;j*Lfc2'fS 

>?*+-h*«HUB:tfSBwrr*. sjaS2 4. 2 

5littgPfrS4*Sfta#S!SltiiVref ffimtettlS 
112 1 lz4ZZim®%ntiLV\ovitKZ&5iz®fc2 

[002 1] MWyy-tey M» (H) tfA7D*n* 
RSS©7y-y77Py7l=]Sg2 2©aj7j£H(Cig 
£U 0RlHlK2 6<DtiJ7JtiHi:^^T^P*>'?* , 7V 
$6©F«g§S£0H:-b'y hf*. ORI=llS2 3tt(l^R2 
(H) £iij7JU U-fe-y hT-f-y^fcONtflfilcU 
^fSST'Jga* tl/c A N D ESS 5 ©tii7J C 2 £ L ICS 
'J-b-y h X-T -y* 2 #0N1«gU:&3 Cilery. 

Kfctftt^^'f*- K1©HffiVphtt0 fl-SB 

^64A6*i*#!SWffi V ref left LT 

Vph < Vlow < Vref 

t**tt»l=6^T» Jt®8g3tttt8H«CH (L) * 

ma?*. e«fiutt»2 1 »e«tmfc«Mc l 

(H) ZtiitiTZo 

[0022] MUreou-by HI4#lic««&, o 

R0»2 3^6©ffl*«*R2l*Hcay. 'J-b-yhT. 
*y*2tfOFFttafc*y» 7P-y?*J7>$6©y 
■b«y hfc*7T*. WtWKT6IM(»*ifc«4f-r*- K 

Vphtf±tfytttt*. OR0SS2 3fr6©iii7Jli 

AND0B5(Cftlt3ffiH«*tlTt''*3(J»6. 

6 I* $r □ y 7ffi4§£ * 9 > h 7" -y 7f 3, 
[0 0 2 3] ttt«3& Kl©SffiVph<t 
WfrS5*S*i*#mW&Vref£*ttlRU 
Vph ^ Vref 

Jt^l^CH (H) Start**. /*U-biU 
7liJt8S§3fr6©tt8Ht#CH (H) *gW\ 7P7 
9ft9V*6©fl£R*&&. Bli;<» RSSJ7'J-y7 
7P-y7l°]SS2 2©tfcrtOu t«\ HfrSLfcft*. O 
R0SS2 3©tM3flraR2ttLa»5Hfcfty» ANDis] 
»5#Hi;S*U y*y hX*-y*2tfONttlM=fty 

k 1 C9tt«tftts«. k i <m& 

Vphtf 

Vph S Vlow 

fi*tttHMI9CL (H) tfiaaarh*. fi 
«tttt«ffl»CL (H) l*ORIs]tt2 6«a?T. 7P 

(H) SSttT. RS3a7y'y7"7P'y7TH]SS2 2©HJ 

[0 0 2 4] J-XTtt> H»Ottff/MiyiB*n*. £5 
LTx **y-fejU7tt. fl^f*- K1 ©OftVphtfv 
lowfrS#!H«ffiVreflCft**?©B$IH**Py*a7 



V^^Ki: LT«8**o SgftlHSgl 0©/* 'J -til/ 7 

[0 0 2 5] S3b\ »«L^WSfl»Cfi^TI*. 
flHM>*9Vh7 , v7*#JfcLT» *©«*<■*«•** 

[0026] E5 (a) \t*m&m<Dmi3LtMtzim 

*3fctt©0&H'?&3. 115 (a) 7tt, 
&§ftla]S81 0©/«y-t/l/7*|liil*fc'fe©©ll£#-p 

«y» /«y 1 6\t&*<D&ve\s\&i o©/^y-b;i/7 

©*£(*?**. SftSSl 7rt©*S*C@HH4. 

1 6«©WlOT*3/* y*JU7(e8UWc7*-fe;*U 
05 (b) fcS«Ufc*3lc» SgftSSS (0Tli3o) 
6H-tv? i ttS&*$-<r 5 t y •b;U7'\©S3ai5 
fft\ *€y-fe/U7©T-$ (7P-y7*J7>$fii) €• 

T> K*aj?tl*. C©gE*aiU*. ajIBUffiffJI £R 
Rtt*c£tcJ;y. SS^BKI 0lc&tf«AI*»©3fe 

jg©a£*T-*tt*ftL©5n&ii^i;:&ctt?c 

iff?**. d©fc», StJSflJ 1 ©Hf*aH**?fctH8 
LT, AW3^»C^fc*TV©»ttfrSWR**i* 
« 1 /3 0»tlN3a»©H(«Mai5Tfl>B3tteiB©iW 

= >y * U>5*&Mg*£C&tf?*S. 
[0027] (118500 3 ) WT*»W©* 3 ©JHMfc 

[0 0 2 8] 06 (a) tt, m3©HSSfflJ»c33tt5S) l 6 
08g1 0©»L^«BE*^-rEffiT«5. 06 (a) K 

35 y > 2 lijt^'r*- RcwshfcWBfciiiiw* y 

#R8®ffiJ:yiSt^$lt«€^Ou t (H) £tiB7rr£ 
Jt«»T*y. 4(iANDI°]KT : -35ys 6tt7P>y7A 

7>$T£y> 7tt/ : ey-b;UT'Sy, 2 7t*RsS7 
y-y7*7Py7Ta»TSy» 2 8ttaffis»r«y» 2 
9l*ORS»T**So 

[0029] «±©j:aic«ija*hfcin*WMi5T«)a 

«0HKC3^T» *©«ft*H6 (b) (c^Lfc^-TS 

WA7J*tl*. $-fv JHW'JW- H^star 
t (H) tfA73*ti*t> RSS7y-y7"7P-y7lH]8 

2 7©tiJ73fi*Ou tttLlCfty, *7>^6tty-b<y 
h?ft£, aj73fl^Out (L) «9^rcANDBia4 
tt» h «H U*. 'J b «y h X-f -y 
^2(iSii7]fi^Ou t (L) SgltTONttBlEft*. 



(6) 
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-15. ai7]^Out (L) fcgttfcANDtsliMtt?' 
-r-^KUSo 'Jt7H§reset (H) if 

A7j£*i3. y*y h7<y*2tf0Nt«glc£*c:<!: 

So j*gBfr54A6ftmraiffiVrefK*tLT 
Vph < Vref 

t1ZZW®lz33^Ts tti$83tttti3HS^CH (L) £ 

[0 0 3 0] fl-gUfrStD'J-fe';/ hft^r e s e ttfLfc 
®mimfr$mfrtitcX<?'(*-FMt. Aft 

*Jife465<, RSS7U-y77P-y^l2lK2 7<0aj 

7]ft#0u tttLfr5HU:&y. ANDIslK4a)y-h 

tfraw-stu 7 a y ?mm$<? p -y 7 a 7 >7 6 ic&e 

tlS. 7P , y7277>76te7P'y7{I^£*7>h7 

[003 1] S*\ §c*7cUiJ8<i:y, Jfc^-r*- K© 
Iffitf V ref tcSSBf F^ft^l^^lco^TSJlWr 
Jt388S3Wu %94*- Kl©mfiVphi^-gIJfr64x 
5 tl5«^(4 V ref <t: ^JtK 
Vph ^ Vref 

ikSMi^CH (H) *\&-h?%„ JtBMI^C 
H (H) *SttT> 7U>y77P'y7l2]S&2 7roai*Hl 
§0u tliHfrSUCfc'A A N DIs]IK4<Dy— r-ttffl 

7li7Py7*7>7 6fr5A^>7fiS5-i5&3MitJo 31 
@@ffi2 8£iiofcaj7D{i^Ou t (L) liftiig&SS 
?tl/cORl2]i»2 9£i§-pT> WJ-bMnVnyftl 

7>7ffi£ira£L/c7P-y77j7>7 6*'J-b-y r-T 

V phtf 0 5 #^mtt V ref 3 £?©B1I« 7 □ y 

[0 0 3 2] 'J-b-y hft^r e s e t (H) &At}2tl 
5<hx RSS7'J'>77a->7Sffi2 7©{l573(t^Ou 

[0 0 3 3] 3Mc, R»/£LjnffiJ:U. K9'(*-b'<D 
IffitfVref fcfc*60tf*l/»Ji£l;:'3l'>TIWI|-r*. 
Jt«JS3©ai7]fl^CH (L) MIoTMt T& 
K 1 <DHfiVph<!:fl-g15fre>5*5ft3 
MB^ffiVref tZttmU 
Vph < Vref 

T^SP^tSU-t-y Kft^tfA73£*lTt>, R SS7'J 7 
77 P >y 7[°lS8©ii!7J{I*§-0 u t tt L fr5g<b L£l\ 
£ 3 LTn U -b v r-ft^tt»JES*x?>o 
[0 0 3 4] #?-r*-F1©BttVph<!:flgPfr54x 
6ft£#raSlVref <££it&U 
Vph ^ Vref 
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